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A/t.v/racf”l  - $-y]llltctic aprrturc  radar (SAR) data processing
h a s  malurc(l  over  tlI(’ pHsl dcca(lc  wiih dcvclopmcIIt  i n
JIrowssillg  approaclws lhal incldc  traditional timdomail)
ll)clll Ods, popoliir and efficient fr(’clllcl~cy-(lolll:till ]Ilclliods,
ill)[l  rclativoly II(’W and more prwisc chirp -scalillx  nwthods.
‘llll(W LJpproachcs have I)CTI1 11s(’[1 in varioos processing
;l]lpli  Cilti  011 S 10 ticllirw various  (Icfgxw  of e f f i c i e n c y  an(l
;l~~lll.ii~y. 01)(”  COI)IIIIOII  trait HIIIOI)gSt all iSAIt (l:I1;I I)roc(’ssing
ill~Olillllll  S, lmwcvcr,  is lhcir ilcrillivc Jilld rcjmtitive Ilaiurc
{1):11 m a k e  thcm ~111(’llilt)](’ to  p a r a l l e l  compoling
illll~l[ill!clll[ili{~lt. With SAJ/’s conirilmtion 10 remote scwsing
now l~cll-cslal)lisllc(l, the processing throughpol dcm:incl has
s tead i l y  incrc;wc(l  willl  cad ncw mission.  IDarallcl  conlputinc
i.ll)l)lc]l~clltnti(}l)  of SAR processing tilgorilhms is (lwrcforc an
i.mporlilnl nwans  of attaining high SAR data processing
(hrougkpot to kcrp up ;~itlt ihc cwr-incre asing  scicl)cc
(1(’man(l.

‘lhis  Ialpcr  c(mccrns  p a r a l l e l  com  mting  itl)])l(’l]lcl)(:lliol]  of i!

(IIIO(IC of (I;I(:I  C:IIIC(I  SC:] I)SAR. ,Sciil)SAll]ll~s tl)c oniqoc
il(l\’illlf;l~C  Of J’ickling wide S}}’ilfll  cowragy  in H singlr (Iiltil

co]l(,clio]]”  p;ISS.  ‘1’]lis ]Ilo(lc Of (l;lta c o l l e c t i o n  11;1S  1)(’CII

(Imnomlratd  on Sll{-~  ilnd is lmin~  owl olmatimmlly  for llw
first lime (m l{a(larsnt, ‘1’he horsl n;ituw of ScanSAl{ data is M
IIiltlll’ill  can(lidalc  for p;lralld  compoting illll)lcl)lclll:ltioll. ‘lhis
l)illlCl” ~ivcs a description of such till i)llJJlcIll[’lll;]li(~ll cxpcricmc
al Aliiskil SAR lhcility  for l{;I(I:IJwI(  ScanSAlt ]IIO(lC [l?ta. A
proctic~l concorrml  processing tcclmiqoc is also dcscrihd
tllal nllows forthrr  improvcnwllt  in lllrou~hpot al a slight
incrcasc  in systcm cost.

l)ig,i(:il ptoccssin~, of syn(l~c.lic apm(urc radar (SAR) dati[[ 11
“is known 10 bc onc of Ilm mosl col]l]>tlt:ltioll;(lly”  dcmaudillg
cnp, it)ccrinp,  applic;(  lions. AI II1ouP,IJ undc]  col~[inual
(Icvck)plmnl  for (k past fi flccll years, SAR data plomssinp,
syslclns  to-dale larc.ly approach Ical-lilnc  ploccssin~
IIlroll[’llpt]t  cxcc.pl for a Icw slwcial ddicald cuslon-l>ui It
nlachincs such [is the Almka SAR l’Jwc.ss(M  (AS1’) and in
low resolution applications, I ,argcly due. (0 liinilations  in
c(~]npulalion  and pmmsing  alp,orithm tmhnolop,ics,  tally

systcn]s  such :is (1)c lntmim l)ig,ital  SAR l’mccssm (11)1’S)
[SD ASA’1’, S11<-11][2-3] which WICK I)osfcd  C)II p,cIIcrai

])111  ]msc Compulinr,  ]dZl(fol’JllS Were only Capable of
proccssinp, tht oug,lIpul  ralc Ot) the Otdcr  of 1/1 O(K)’}’  J’~~l-
titnc, ‘1’his ]cvcl of pcIlorII)atlcc scvctcly  Iinlitcd t h e i r
al)ility 10 su~)l)]y  sricmw with litm-cril ical data,

With the. expanding I.(IIC of the Alaska SAR l;acility (AS I’)
in acquit ing,, pJoccssin~,  :ll~d adivillg, ~l:l~:i fl’oll~ :! flCct ~Jf
intcrna(ional  polar  orl~iting  s a t e l l i t e s  14], t he  SAR
l’roccssinr,  Systcm (S1’S) at ASI; is hcing i’ur[iishcd  with a
Radarsal  Scat~SAl{ d a t a  proccssinp, systcm [5] (hat i s
ctipablc of pmxssing a m i n i m u m  o f  42 minulcs  of
~car~SAl< data in an 11 -hour  day -which translates into a
j)mccssinf, Ihmughpu( lcqLlircmlcnt of ,- 1/1 611’ rca-lime.
‘1’his papcv dcscritm lhc. illl]>lcl]lctlt:lli(~ll Kx]Llirclllc.nts fo]:
the Radarsa[  ScanSAl{ data lmccssill~ sys(cm~ at AS1;, the.
hnrdwarc platlorm cvaludliol] and selection process, llIc
scat~SAR  alp,orithm an(l t he  ili~l~lc]l~ct~t:i(icll]  d e t a i l s
associated wi[l] patallcli7. itlg the ]mcc.ssin~  algorilhtn  on lIIC
Sclcclcd platl-ol”ll).

1 I ScanSAl< 1)1<()(:1 SS01{ 1<1 lQUII{l  lMliN’1’S
OV1 Rvll iw

2.1 ScaIISAR  h4mlc I’roccssin,g  Rcquil ctnci~(s

‘1’IK AS1~  S1’S block diag,latn is :,ivc]] ill l;igurc 1. ‘1’o
]) J”OII)(I(C  Case. 0{ operations aft(l maittlcnan cc, s]wcilic
pmjccl-wide g,uidclincs regarding suhsystcln  inlctfaccx,
sys[cll~s  stan(lat(ls,  c(dit)~ slan(lards, USCL  inlcrfaccs,  and
CI 101 rcpolfinp,  arc applied to each subsystcln w’itllin [IIC
S1’S.  ‘1’hc c.m]hasis  is on dpp]yinp, (0 the p,rcatcst  cxtcnl
possible (:onlmctcial ofl-the-sl)clf (( X)’I’S)  har(lwm,

Soilwalc, s[al](lar(ls,  ad (cchnology.  U N I X  opcl’:ltillg!
systcll)S  iS ti lCX]Llil’CIMt  oll :i]t h:ll’d Wlll’C p]:ltfOJ”Jll  S :iS iS
compliance wilh l’OSIX (1’ortablc Olmralinp, Systcm
lntcrfacc),  1 Ii&l]-level progmmntins ]:Jl)~lla~,C.S SLICh :1S’
A N S I  t: [11)(!  l;  OR”I’RAN :IIC SC] CCtCd fol” C.:ISC of
i]]~]~]c]]]c]]i:itiol~. A c l i cn ( -se rve ] ’  co)l]ll]llt~ic:ltiol)”  II)(XIC1 is

a l so  adop~cd with .SAK pmmsors  ac(ing as ]mxluclioll
SNVCIs  in ]cslxmsc 10 a control pmccssw clicn(.
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I’hc ScaIISAl{  l’mcc.sscw (SS1’) Sys[cm  al AS17 is required to
proccxs  dai ly 34 miautcs  of l<:Icl~iIsat”’Scnl~SAl{  dHIa, II)
addilioa,  il is rcquird  to pmlucc another  8 miaulcs  of
ScanSAR  dala in a qaick ?-hcmr  (Ltmarouad Inodc,  With (k
currc.nl approach of shariag pmmsi ag hadwafc with lhc
l’recision l’mccssor, the nc.1 Ihroughpu[ rcquircawnl for [hC

SS1’ lmwIIIcs  d:iily pmccssin~ of’42 miau(cs 01’ ScarISAl<. .
da(a ia aa 1 I -hour period m’ roughly 1/1 6(11  mal-tim ralc.
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III. ScanSAl{  1 )A’1’A C:ll Al< AIYI’1il<l  S’1’l{:S &
1’l<OIYiSSIN(i  Al .(iOR1’J’llh4

II} (}K ScaaSAl< mode 161, wide swath COVCMEC on [lm OKICV
01’200” km 10 500” kln is achic.vcd by sweeping, lllc aalcnna
bcain clcclronica]ly ia (hc Cross-track dimcasim  10 gcncratc.
mullip]c ovc]lappiag  sul~-swa[hs,  e a c h  cxtcading
:llll~]~)xil]l:ltcly 1 (K) km ia raa:,c. ‘1’hc msal(ia~ cclm data for
cacl) sLIlwwa(l]  appears i D (}K form of discrclc ‘hLItsls’  rathct
than a con(iauous scqLlcncc. l;or Radarsal, swath width of
- 5 0 0 ”  kill call k acllicvcd usiag i ts 4-beam Illmlc.s, whi le

- 3 0 0 ”  kIII swath caa k oblaiacd  with Ihc 3-tmam aad ?-
t)(’all)  mo(lcs.

ScanSAR  dala, wlml vicwd on a pet beam basis, rcscll~tjlc.s
tt~osc collcctc(l fto]l] a  bLIrs(  mock SAR. ‘1’hc pmccssiag
<ilg,orithm SCICC(CCI  for Scaa SAl< daIa (SCC l;ig, arc 2) [7-8]
II]crcl’orc pa((c.ms closely af[cr [hc O])C USC(1 for Magcllan, a
buwt lnodc SAI< tl)a( imngc.d  VcaLIs ft o111 1990 to 1 9 9 2 .
1 )ala pmccssin:,  is basically hamllcd  oa a pcl butsl basis
until Ihc vq las( slcp whcm inlagc data from  each butsl is
lllc.tp,cd 10 form lhc final 111 Lllti-look ilnagc 11 alllc. ‘IThc
familial  flc(]Llc.llcy-(l(J]]]:tirl  fasl cormla(ion  approach is uscxl
10 cwnpt’css  I’:IIIF,C  ]iacs in each bLIrs(.  A dala cot’llc.t’-tara is

thca al)p]icd f o l l o w e d  hy a~ilnulh proccssinp,  wrllich is
acco[ll]llishcd using, the cfficicat  dcralllp-l; lirl’ m e t h o d .
[icolllclric  and Iadiomctiic  comclioa a s  WCII a s  pixc]
avcragiag! atc lhcn applied 10 the rcsulliag  i]nasc  pixels
110111  Cach [)111”s[  bcfol’c they arc lnm ~cd lo~cllm  ia a malti-
](lok  Ovcl”lay pl’occss.

—._.

lII:UItT  2. ScaIISAl{  }’!t)ccwin: Al:,,t)lithllj

lV. ScatlSAl< 1’1 .A’I’l K)l{M liVAl .UA”I’ION

The hardware sclcclion  process fm tlm Sraa SAl< l’mccssor
took 6 llloll(l~s aml 2 ]M2cr reviews [0 cotnpldc.  This pmccss
,illvolvcd  lhc followfiag  s(cps:

1 iaitial scopinp,  of class of lnacl]inc,
2  pcrf(trl]iias coll]palm markcl sut-vcy aad idct)[ifyin~

calldidalc  plallonns,
3 dcvclopias  rc]>lcsc]]l:itik’c  bcachmalk  soflwarc  aad

sclccliml ctilclia,
4  pcI fo]lilin~  I>cnchmarking  aad plalfmu cvalualim,
5  sclcc(iag, lhc [al”gd ])la(fot’111.

4.1 Scopiag of ‘1’arScl  l’lalfmll

IIascd oa the. require.amn(s scl fwlh ia Scclioa II atld some
proto[ypc  cmlc, rou~,h coLIals of the nulnbcr of opcratioas
rcq Lli rcd to produce typical inlagc pKdLIc[s  wmc compilcxl.
‘1’his iacludcd  l;l ‘1”s in lhc ]angc and a?illlu(h coln])rcssio]l
pr’occsscs aad rcsalnplias  in lhc pmjcclion  aad cooldinalc
Il:(llsforlll:l(ioll”  pmccss  10 nalnc a  f e w . l]asc(l 01) IIlc
[hmughpu[  lcquircincal,  aa cs(imlc oa lhc sim  of ii tar~cl
]n:ichinc  was dclc.nnincd (0 tm on (I]c otdcl  of 500” lnillioa
floating poinl opcrat  ions pcr sc.cond  (500” Ml;1 .O1)s)
saslaiacd.

4.? (k)]n])alcr MaIkcI  hrvcy

A  COIII})LI(CI° lll:ll”kd  Slll”VCy  W:iS  thCI)  ColKiLICkXi  to SC.Ck  ollt
suitable candidate hadw:iw pla(fonlls.  ‘1’hc crilclia  fol
inclusioa  ia Ihc cvalualioa  pmccss  w e r e  mainly  lhc
]l]achinc’s  cxpcclc(l  computa(ioaal  c a p a b i l i t y  and its
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availability 10 su])potl our llci~cl]lll:llkillp, cll’oll. 1 islimald
syslctn  UN( was ]lot of ini(ial coaccvn no[ing lhal sotllc of’
(IK ]DOIC cxpcnsivc sll]Jcrc{~JIll~Lt(cls  may bc avail:iblc  uIldc’I

(imc-used lease. :IrI:iI~~~,cT)]ct][s.  Machiacs  idcntilid in this
CIIOII  rcl~mc.a(cxl Im[h Symmctt.ic  h4ult i-l’] OCC.SSO]  (SMI’)
and h4assivcly l’awllc] l’mccssor  (Ml]]]) class of sys(cm
arcllilccluw  Shfll) candidates incladcd (1w l’owcr (hallmg,c

scuic.s ftolll Silicon Graphics, lat. (S(;1)  and lhc I)IK-7000
sctic.s l)~odcls from  l)igital  lk]uipmcnt  Chrp.  (1)1 i(~). MI’]’
rcptcsrm[at  ivcs wm the CRAY ‘1’31  ), the 1 ntcl l]iirilgoa,  the
‘1’lliakiag,  h4achinc. Onp.’s  [14-5,  aart Ihc lllh4 S1’-2.

‘1’tlc hndwalc.  cll:ltilc(c.tistics and col~figLlt:ilicJlls of 1
caadidalc plall’oms alc lisld in “1’able 1.

T: IIIIc  1. (’mlidotc }’l:Ilfot  Ill (Jh:llwlcli<[ics

1 MutIKMy  size LIWI fm llcmklnarkin~,,  silt lL’pl’~sClll\ pcl Pl~~CC~s{Jl
for  M1’1’ ad m:dinc tolal  for SK41’.

4.3 lk’mhmal’k  Soflwal’c’

‘1’hc lKVICl)IIIdrk  sof(warc. covmd  all m:!jor colnpuldti(u)  and

~ vcclotid  coll}]wla[ion  will] diluc{ ]imnoty
acccw for mall i-look  ovcl lay.

2  l)ata movcmml  mo(lulcs pc]fomirlg  -
:1 data packin:, & unpncking,
b Corll(  ’1’  (1111),

c franlclc{ tmacalioa.

3 l)ata 1/0 modules  pmfomitl~  -
a disk md/write,
1) ]ncssa~,c ]Jassillr, bclwccn lMoccssots  in 1)41’I’

lnachincs.

All soJ(warc Ino(lulcs  were WI il(ct) it) ANSI 10 I<”I’I{AN  or
(: lal)g,ua~,c, tact) in less lllal~ 100” lines of code. Solllc
pct[iacn(  }xilamc[cis  or the lmachtniilk sof[warc  atc lis(c(l in
‘1’able 1 i , \...

‘I’:ll )1(’ 11, Bcllclllll:llk l’illillllclcls /’” -“

~ulllbcl Of ]<[IIIFc  S:IIII[)]CS

7=3

~192

Nul)]bcr of A?i]]lulll S: III IIIIC$ 6s
l<[lrlp~ 1$ ’1’ I <ll~,ltl

.—
20.18

A~il]dllW’l@ill
—— ——

64
No. II II:IFC ]’IIIIIIC!C~S:I III[>!C\ Akmg- IId. m
No, IIII+W  I;lWIK’k’(  SmplC\ (’l(IW(lil  Ck

——. -.. —....
1250

N o .  l’innl II II:IFC. S: IIIIIIlC\ Alc~I&tIiIck 5000
“N(), 111101  Illil/c Sillllplm  [’l:+ (lw’k

—. ..— “—..
5000

4.4 Ilcnct)l]lal  k & 1’1:1110111) livalaalion

‘1’hc  Iwnclllnark soflwatc wns fitsl pond 10 each candida[c
platfo]ln aad in al l  cases Inadc iailially  (0 ran oa Ol)ly [i
single pmcc.ssitlg, clcnwnl. T h e  wsulling lilllin~, and Oulpllt
f i les  were collcctcd  aad chcckcd agaias(  the mfcmacc
ot~taincd on (I)c S U N  6’70. ‘1’hc ported c o d e  on e a c h
candidfilc machiac  i s  lhcn palallclimd usinu slandad
vca(lor s u p p l i e d  mu(iacs and ptoccdums.  Al(hoagh
coasullalion from vcadol on s])ccific  issues wits allow’cd, the
aclual code lmllinp, and oplilnimlion  011 cacl~ Illaclliac, Wc.1’c
pci Iotlt]c(l by a  dcsigna(cd  II IcIIllIcr of (hc haldwat.c

[ 1/0 s(cps it) (IK ScanSAl< algolithnl( ‘1’hc I)cllcl)lll:ll’kl  co(lc I sclcc[ioa (C:IIII so lhal d sul~jcclivc  Incasul’r

lJI c{ w a s  wti((cn ill 101{1’I<AN  an(l [1, and rat)  oa a Ino(lcl  670
dcvcloptllcat cffwl and code Imlabilily  in gcncml

S(IN workstation will) a siag,le processor. 1( inp,c.s[cd  I aw

da(a  saml)lcs  in 81/XQ  forlnat f“mm d i s k ,  ]mlorlncd  (hc
ncccssn Iy data un]mckinp,,  pcrfollnd  (hc Scatl SAR da[a
]woccssia~, slcps oLlllincxl  in llm pmvioLls  scclioa, K’packed
(he oulpul p ixe l s  into hy[c founa( aad ou[pLIl 10 ciisk. ‘1’k
inpu( and mlpul  film as well as tiluiag rc.suits ol)laincd oa
(1K S(IN WC.IC. USC(1 as a mfcmncc fm comparison.

‘1’hc lwncll InaIk soflwarc  consislcd  of lhc followinr,
calcp,ol’ics of soflw:lrc modules:

I ~k~ln]ml:llion  lnodulc.s pcrfomint’  -
a l;lrl”s uscxl in map,c cotllprcssion  and z~ilna[h

colaprcssion,
b vcclmiml colllpala(ioa with iadc-xcd n]cmory

access for interpolation and m:tlnptin~,,

(){ code
could k

pall g,c(i.

A prio]iti~cd lis( of mnchiac a((ributcs  was atso dcvclopcd
10 assLItc (horoag,llncss itl (1]C evaluation nnd 10 lnaxilnim
Ihc otljcc(ivi(y in Ihc pl:i(l”orln sctcction ]Noccss.  A (OIal of”

1() s}wcific atlritJLllcs wcw used, lis(cd below in dcsccnding,
ONIN of itnporlance  to [he.  Scan SAl< d:iIa pmccssing
apl)li  calion:

I 1111 tmgtIpLIt ciqml)ilily
2’ soflwarc  polling and dcvcloptllctl( C. ffoll
3 opu dlinp, syskv)l  and coln]~ilc.r  ]naluli(y
4 cxpcclcd syslcln rctinbility and IIl:lillt:iill:lllilily
5 plllchasc cost
6 ad:lpktl)ili(y  10 olhcl lypcs of ]mccssinp, alp,orithtn
7 syskm expandab i l i t y



8 compliaacc  will) l’ortablc  O]mraliax Sys[cm  &
]alcrfacc g,aidc (l’OSIX)

g availability aad sappor( of ll)c. Opca ,Soflwaw
1 iwadalioa  (0S1’) l)is[ribLl[cd [kmpalinp
1 inviloalnca(  (IX1li)

10 availability of appropria[c  dig,ilal sigaal proccssinp,
(1)S1’)  library matiac.s

4.5 l’lat fmn Sclcdion  & 1 kscriplioa

IIascd  oa our evaluation d the caadidak plalfmas agaias(
(Ilc lisl of prim ilimd a(tlibulcs, (I1C Iarp,ct platfol III sclcclcd
is the lIIM S1’-2. I’hc IIIM S1’-2, also kaowa as the ScalalJlc
‘I’OWli l<]>: iri;illcl Syslcm 9070,” is a collcclioa  of RIS(~
syslclll/6000 pl’occssol’s coancclcd togclhcr v i a  a

]mqwic.lary hig,h pcrforlnaacc  switcl~ (1 II’S) callc(i the S1’-2
c(~lllllllltliclili(lll sabsyslcln. ‘lhis scalable alchilcc(arc, J}filh
t}lc Su])pol’(  of the 1 1 1 ’ s , affOI’d S (IIC lISCI’  scalab]c

pCI~(HIIIaIICC  WIICI)  dcaliag  wi[h  c(MIlpalc-  as wel l  a s  l/()-
ialcasivc  jobs. ‘1’hc ascr caa ac(aally cxccalc both sctial ad
parallel a])plicalioas  simullaac.ous]y  while lnaaagiaX lhc.

w h o l e  syslcIIl froln a sia!:lc works(atioa. ‘1’hc IIlkl S1’-?
soliwarc  is bascxl oa an opc.a archik>c(urc AI XKKNO (INIX
opcratiag  syslcln that allows lhc user to easily iatcg’,mlc Ihc
S 1 ’ - ?  maclliac  ia(o LISCI”S cxisliar, c.avimalncat.  ‘]’hc  ll~hl
softwatc  suppor[s a comprchcasivc  se t  or AIX I’arallcl
Syslcm Suppotl  l’mp,rmns (1’SS1’)  ia addilioa  (0 C; aad
I; OI{’1’l{AN. ‘1’0 assist ia p a r a l l e l  ]lrog,i:illllllillg
dcvclopmea(,  (Ilc ll\M l’arallc.l liaviroall~cn( for AIX
prop, rain ]JMXIUCI p r o v i d e s  dcvcloplneat  aad cxcculioa
sappoil  for parallel applications writtca ia 10 I< ’I’RAN, C;
aad C:+ + usiag  (he M e s s a g e  l’assiag  Iatcrfacc  (M1’1)
staa(lard.  la addi[ioa, parallel libraries such as 111h4  l’iirallcl
liag~,iaccriay, aad Scicnlific Subroaliac  1 ,ilmwy (1’1 iSSl,) ale
available. 10 crcalc. or coavcll  applicalioas  (0 (akc adv:iatagl,e
of [hc paral Ic.1 processor alchi(cc[arc. of the S1’-2.

‘1’0 salisfy the rcqaircmca(  of processing, 42 IIliau(cs of
ScaaSAl< data ia 1 1  hoLirs, it i s  dclcrmiacd  (hat 20
proccssiag, aodcs arc required. “1’0 cahaacc rcliabili[y aad (0
rclain flexibility for cxpaasioa, the 20 nodes arc gt(mpd

iato two 8- II()(1c aa(i  (me 4-n(dc  machiacs.  liach  proccssiap,

I)(KIC  is  cI)(Mc.11  to be  Ihc ‘ w i d e ’  66Mll~  ~rariety cqLlippcd
with 250 Ml) o f  RANO,  4 (ill o f  d i s k s ,  tia l;tl]crl]c(
conacc(ioa aad a }Iigh l’crforlnaace Swi(cl~ (1 ll)S) Ad:iptcr.
A 1;1)1)1  cx)a(mllcr conacc(s oac of the proccssiag nodes of
e a c h  lllachiac  to (k cxtcraal  [hatrol l’roccssoI ((II’)  10
cffc.ct hip,h spcc.d data access. Opcra[ioas oa each machiac
is olchcslratcd hy a model 390 coalro] works(a[im cqaipped
will) 128 Ml] RAM, 2 (ill of disks, 2 ltIllcmct coli(rollc.rs,  a
~1)-l<OM  drive, aa 8-mm (ape drive for back-up, aad aa 19-
inch color moai(or. II is cxpcclcd tlml each 8-aodc aad 4-
aodc machiac  caa handle proccssiag d 17 aad 8 llliaatcs 01
l<A1 )ARSA’I’  Scat~SAR da(a rc.spcc(ivcly  ia aa 11 -hoar day.

‘1’hc  hatdwarc c(~]]fi~,ilttitio]l of a siar,lc S-node S1’-2 aai( is
illas(lalcd ia l;ig, Lllc 3.
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5.1 SaInplc.  l)a[asct l)cscli])tioa

‘1’hc  saIm)lc  (Ialase[ cmsisls  of ;ipproxitnatc  1 5(K) bursls (KC
lii~,arc. ~) rcprescaliap, a typiciii 4-t~calll 500” X 500” ka)2
iIIIa~,c frame.. 1 tacll t~Llrst consists of a])ploxima(c  (15 mng,c
]iacs, each coa[aias  appmxima(c  8500 samples .  liach
sample is rcpcscalcd ia 2 bytes (81/8~))  wsultiag  ia a data
file si~.c of 1.5 [iiga  bytes ([ill). ‘1’hc dala is gcacratcd
syalhc(ically  SIIC1l  (hat ]miat lal~,c[s will msal( whc.a II(C dala
is proccsscd.

l)ariag  (hc Imachlnatkiag, process, the coaccp(  of ‘flat graia’
vclsas  ‘coatsc  ~’,laia’ ]J:lr:lllcliz:llioll was cxplol”cd. ‘1’hc
di ffc.rcmcc  tlclwcca the lwo is nmi a] y ill us(talcd  by the facl
lh:il ‘fiat g,raia’ ]J:tl:illcliz:ltioll typically applies parallel
proccssiag to ll)c lowest  level of data clcl Ilcat. la the CasC
of Scat~SAl{ data, ‘fiat g,wia’ I>:lltlllc.li~:t[i(~ll will cffrc( the
dis[rit>Lllioa of iadividaai  raagc liacs (:ilid az,itllath ]iacs ia
:I?ilaa(h ptoccssiap, ) to all available. ])loccssinp,  clcmcats  fol’
proccssiap. I’his approach, althoap,h cffcclive ia
dislribatiag  compulatioa  workload, can often Iilllcs caasc.
thmaghpal pcaallics ia the form of’ cxccssivc  dala
movcIncnts  alnoags(  proccssiag  clcmcals.  With lhc bulst
aa[arc ol(hc ScaaSAl< data, i[ is clct]lot~sttt[(ccl ll~at the. usc
of ‘coarse grain’ ]I:ll:illclizati(>tl, where blocks of it~tcg, ral
l>lllsls: llc(lisllill~llc(l  (0 lllc:lvztil:illlc ]~loccssillg clc]nca(s
forpoccssiag,  istllcltlotccfficictl[ approach. ‘Iiinc p,rain’
]>:lt:lllcliz~ltioll is usaally  t he  :i]ylroach lakca by vcador
s u p p l i e d  ]):ll:lllcli~:ltioll rouliacs  ia the abscacc  of user
ialcrvca[ioa.

llsiag the ‘coalsc. gtaia’ appl”oach, the salII1)lc (iatascl is
(livi(lc(l  iato a aaml)cr  of roughly equal scgmcnls  (see
l;i~,Lllc4)c.c]Ll:\l ill& lol)l]l)]l)c]of  ])t{)ccssil)p, clclllctlls.” liach
cqaal scgt)]ca(  i s  assi~acd  to ii ]woccssing  clctncal  fw
poccssiap,. lly kccj>itl[l,c:tcl~clal:i  burst wilhia aprocc.ssinf’
clc]ncat (hroag,hou(  nlos(  of the proccssiag  slc.ps, the aced
for data movctllca(  aad col]llllllllic:iliotls” I)clwccn  pmrcssiag,
clclncals is g, Ically rc(laccd.
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5.2 ScanSAl{ Algori(hm IIlll]lcl)lcl][:t[ic)f )’ ‘“’

(
#K-

‘7”\ ,< !
ScaaSAl<  data proccssiag,  al~,ori(hm Ii] ‘is c~ccu(cd in
Sfap,cs:

a raw da(a tt aasfcr st agc whcm comlil ioacd (dcdcd
:11)(]  J’Cfol’J)):lttCd)  CCho  (]21[?1  fil  C. to~,CthCl”  W i t h  :11]

l)cccssary  anti Ilary dala  files arc transi”c.md  from the.

C:J’  disk (() [k S1’-2,
a ]>tc.-l~roccssillg, slag, c (h fit cll’cclivcly proczsscs a
sn)all sutmcl 01 tl)c data 10 dc.rive. refined poin(iap,
ialorlna[ ion,
a lll[lill-l~t(lccssillg s(ap,c thtit CXCCUICS the. [:l’U -
ialcnsiw slcps of the pmccssiag  algori(hm  such  as

l’al)g, c and a~imu(h  Compression, gconlc,tlic
rcdificalion,  ad rdiomdric  cmllllcasatioa,
a l)osl-Iltc]ccssillg stafic where parlially  overlaid
ilnagc pi xcls from each data scg,mctll aIc mm~,cd  10
lOIIIl Illul[i-look pixels IKfolc hciag plc)jcclcd  01)(0  :1
spccilic gcolnctric comlinalcs.

‘1’hc following scclions dc.scribe [tic iillj)lci~lctlt:llio)l dclails
ou tk S1’-? rol  c.ach  pmmsing  stapc,  usillp IIv.- S: II 111)1 C
dalasc.1 shows ia l:ip, um 4 for illus(ratioa.

A Iypical 5(K)  km ~ 500 km image fralnc coasisls of -1 SO()
dala bursls aad occupies ii 2 [ill dalti file that rcsiks oa
disks al(achcd 10 lhc (1’. ‘1’wo  oplions were Wnsidcld in
lwia~iap, the. da(a file iato lhc S1’-2 via the l;l)l)l nclwolk
‘1’hc first oplion involves Iluflcriag lhc input data f’rolll  {~1’
firsl 01)10  cxlcrna]  disks Inounlcd on oac of the proccssia?,

) IWwcssing  al each nodemdc.s  (c. ?,. node 8 in l;ig, ulc 3
will lhca bcgia by acccssia.g  data frolll  Ihc cxlcra:il  disks,

l’hc.  sc.coa(l optioa ctl’eels the transfcl fmn [:1’ throLIsII  oac
of (l~c Dodcs to (I)c local disks oa each pfoccssias  node via
lllc 111’s. ]’roccssiap,  at each node will lhc.n Img,in  by
acccssiag (Ia(a from  its owa local disks. ‘J’ilning, rcsulls for
(lIc.w two opliows  Imscd on Il)c sa]~l]~]c da(ascl am - - 1 0
lnina(cs  aml -13 miaulcs rcspcclivcly.

l’rc-proccssias  refers lo lhc ptoczss  of refining processing
pa IamCtCI-S inilitally derived from cpllcinclis.  lt involves
Iuos( of Ihc p]occssiag, stag,cs ia main pmccssing cxccp( that
only a slnal]  subscl d lhc dala is pJoccsscd.  ‘1’hc.  discussion
on pl c-proccssillg  implclllcatal im is thcrclorc  dcfcrcd  10 (IK
Illain pfoccssin~ scctioa.

Nlttia p r o c e s s i n g  r e f e r s  to lhc pmccssin. g s(cps o(’ raasc
comprcssioa,  colncl-larn,  :l~illluth pmccssing,  ~,conlc(ric
rcclificalion,  radiolnclric  col]~]>cllstilic)ll, pixel avcrag, iag,
aIId partial ovday. Usia:, (IIC  ‘coarse g,mia’ }>:lr:tllcli7[l(i(lll
approach, conli~, [lous data bursls frolll  a data scgmcnl arc
pI occ.sscd  I)y oac pwccssiag,  n o d e  ( s e e  I;ig, urc 4). la
pallicular,  raa~,c liac.s f r o m  e a c h  bawl arc first tanp,c
comptcsscd  usiag, Ihc fwl bbwicr  coltcl~llir)ll  nlcll~[)~l  1~1
wlwchy  r;iag,c liacs a r c  l;li’l’’cd, mul(iplid wi(ll a raagc
rcfct cacc,  and iavcrsc  1 ‘l;l’’cd. ‘1’hc Icsul(inp,  ranzc
compressed dala is corarr- [LIracd usiaf),  the on-tread RAN4
Incmory  ot’ (he poccssing  node. A~il]lutll  lworcssin~  is (hen
applied asin?, the dcrampl; li’l’ III CIIKKI  [9] whereby each
:17imulll Iinc is t))ul[iplicd  wilt] a fmqucncy  ramp followd
b)’ a forward 1’1;’1’! ];l”:llllC]C( tl llllCa(ioll, ~C(MllC(liC

Icclification, ad radiotncltic Colllpcmalion arc lhc.n a])plicd.
‘1’hc pixc] da(a i s  (hca dctcctcxl aad nlcrgcd wilh t h e
c(lllcsllc)l](lii~~ pixels oh(aiacd  from tlw ])]cvious twm(s.  A
piXCl aVCl”HF,  iIlg,  ]) I”OCCSS i s  applirxl to acllicvc cotls(aat

rcsolulioa  aad aumhcr  o f  looks. A I  (I)c ct~d of maia
pmccssing, each ptoccssin: node will hold an o~’crlaid
imng!,c scg, IncIIl ia ils local disks. ‘1’imiag  lcsults oa a S-nmlc
machine bascxl oll lhc sample da(ascl arc 31 minu(cs when
dala is acccsscd  from lhc c.xlcraal disks vcxsus -21 I]litlulcs
WI)CII  acccssd fmn tlIc IOCIII  disks.

1’0s!  IJwcc,$sillf:

‘Ihc posl ptoccssinp sla{~c Jnc.]  gcs Itlc ovcrl: iid i m a g e
scg, meals from mch aodc into a sia:,lc  Iargc, imaxc before
pcrlorining, the. fin}tl projection oa(o a s]mcific coordiaatc
~Iid,  ‘J’his pI-OCCSS  is done a( oac of the proccssin.g nodes.
‘1’hc  rcsul(ing ima~,c d:(ta occapics  a file of 25 h411 aI OIIC.

bylc pcr  pixci. ‘J’iming lcsLIils itdicalcs - 5  minalcs  10
accoIllpl  ish this Slaf,c of processing.

5.3 l’)occssiag  ‘1’hmughp{

‘IIIC handling of a particular jot) request I)y [hc SC:II)SAR
l’roccssor involves (I1c sequential cxcculion  of (IN four
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proccssinp,  stag,cs dcscribcd ia (IK previous  scc[ion.  A s
evident in “1’able 111, Ihc best ovcr:ili pmccssiag  (ill]c for Ihc
samj)lc  (ia(amt is -39 m i n u t e s . Assumiag that lhc
j)lc.j)loccssitlg,  t i m e  i s  cquivalcat  10 30% of Ihc maia
]mccssia~ (intc, lhc total proccssiag  lime for rach 5(N ~
500” km2 frame usiaF, an 8-node S1’-’? is lhcrc.fmc projcclcd
10 Im -46 miautcs,  m - 1/37(1’ real-(imc. ‘1’hc cffcctivc
lhrmghpui  ralc. for Ihc overall systcm (consisliar, 01 two 8-
aodc aad oac 4-node lnachiac)  is the.a bc(tcr  thaa 1/1 511]
r ea l - l ime  which sutpasscs  the [hroughpu( Icquirc]ncnl of
1/16[1’.

T: IIIIu 111,  ‘1’ilninp l{cwl(s rra aa $adc  S1’-2

}’lrwcssil]g
cdl Slq)
([]lin:wc)

-iri7- frrlm%qacn[  ial Squ CtllInl  ~[JIIcuiILrll  (’[lllcul ILnt

I’mccessiap, I)loccssiap:  I’loce<siap:  I’lmcssiap:
krd ftom  I<cad  fr’oa} h4ailj

local disks  YIIICI  II ItIIl

‘==-=‘12:fvJ”tia }’loccssill””~--
‘1’3:1’os[ I’!m(ssill I
‘1’{)lal  l]}(wcssi~!,  liIIa.

5.4 ]’arallcl int ioa options for Mult iplc l’roccssias, .tobs

Oj)tioa for Saiaing Ihmlghpul  impmvcmcnl  cxisls whcm
mulliplc  jobs  arc to bc promsscd.  11 is aolcct lhat d arin~,
prc- aad main proccssin~$ tlv.m is Ii(tlc. or ao 1/0 (raf(ic  oa
lhc 1 ‘l)lJI and 111’S. Similarly, Ihc Iraasfcr slagc requires
Iilltc or Do [11’(1 iavotvcmcat  I_lolll lhc pmccssiag,  n o d e s .
‘1’hc post Imccssiag s(a~c however dots require 1)0[1) 1/0
al)d C3’(J. llascd  on (hc lialiap, rcsul[s  ol}taiacd fol” e a c h
]m)ccssing,  sla~,c. (see “1’al>lc Ill), (WO concurrent pmccssiag
Sctlc.l}lcs were sludic.d, each handling  multiple jobs
silllllll;[llcollsly. l:igurc  5 dcpicls  t h e  two coacurrca[
Schcmc!s, ‘1’l]cil liming rcsulls rcklivc  10 Ihc  sal))plc da(asct
arc (Iisplayc.(1  it) ‘1’able 111.  It is cvi(kal  from lhc timing
ICSUIIS  lhal  havia~  dala  traasfm  ])crfotrncd ia parallc] will]
Imlh lnaia procmsiap,  and pml proccssiag provides the best
(hl’oll~h]lll(  I’C.SLII(S. ]Iascxl oa these. rcsulls,  pl occ.ssill~
t h r o u g h p u t  appmachin~  31 miautcs  pcr frame caa hc
acllicvcd whc. a jobs of up to the size of (hc samptc  da(asct
aIc fcd success’ivcty throug,h  an $nmtc. S1)-2. Assamiaf,
agaia in (k wws( case (hat prc]m)ccssiag, lilnc is cquivalcat
to ~()% of’ lhc mail] pt’occxsia~ time, the ttlr’oap,hpl!t of [k $
n(dc  S1’-? is [Imrcfmc  pmjccied  10 bc -39  miautcs  pcr
ftanlc, or mu~hly 1/31 1]’ real-time. ‘1’his  ltaaslalc.s  into :in
cll’c.c(ivc throu~hpu[  ra(c for [hc Scaa SAl< prmcssor  systcm

(coasistiap, 01 two tLImlc and wc 4-INKIC machiacs) or
1/1 311’  lcal-lilnc, surpassia~, lhc. required lhroLIg,hpu(  of

I/l (I(i) Ical-lilnc  by atmul 20%. 1 lowc.vcr, thctc. is a cost
a s s o c i a t e . d  w i t h  lhc coacurrcr)(  il])])lc]l)ct]la(iorl. 101)
haa(l[iag,  a( (hc (3n[rol  l’mccssm  w i l t  h a v e .  (0 t)c  mo(lificd

to sil~)lllt;it)cotlsly  haadlc  aad (rack mal(iplc jobs, a dcfiaitc.
conl])licalioa  rctalivc. to haadlinp  one. jot) at a lime.
Silnilar]y ON lhc S1’-? side, job control aad scqllcacing

bc.come moIc complicated. Also adctitimat  mc]nory  and
disk capacily arc rc.qaircd !0 accmnodalc data frmn mull ip]c
illlap,c fwlncs.

.—.  .
ioh 1 ‘I’ll “12 “13] ..—
jot, ? [ ‘1”11 ‘1 “2 ‘1’31—
job 3 1 II ‘1’2 ]“131
‘@l ‘1 ’11[ I T? Izzl—— .—

l~Ip UIL> 5a Mnill-p[wci~inF (’OIICUI IL.111 will] “l”raIIsfcI  and l’t)s[-i~r{~cc:.sillg,
( 3 Collc(lll,llljo t)s)

id, 1 ‘1 II “1”2 [ -II
j(i)  2 I ‘1 1[ “1’2 I -1’3
joh 3 ‘1 Ii ‘12 i 1 ‘3[
job 4 1“11 1’12 ] ‘1’31

l;r~arc Sb,’1 r’all<fm  C’CHKWIC’111  will) hl:lil)-]’l{~ccssillr  and }’c~sl-]’l’~)cc<sillg
(? Cc!llcull<tit jobs)

V. (:ON(:]  .1 JS1ON & S’I’A”l’[JS

A parallel ScanSAl< data proccssitlp, ii~~]}lcl~~cl~(<itic)il  has
hcca Ijtcsca(cd iavolving a particular Ml’]’ platform, lhc
lIIM S1’-?. Realistic limit]g, rcsLIl(s  collcc(cd  dcnloas(ratc

t h e  sclcc(c(l  al~,otilhtn aad archi(ccturc  can sa[isfy lhc
required RadarSA’I’  Scaa SAR data pmccssiag  ttlmLl@put
dcll~and a{ AS1; . Additional mcaas d improving the overall
sys[c.nl  throughput  at a sligh[ incrcasc in syslcln cost has
atso bcca identified. ‘1’hc currcml SS1’ is in its fl[aal ski~,c of
dcvcto]mca(  aad is oa schcdalc to [K opc.ra(icmal  a[ ASIJ by
May 1996,

A[’KN()}}’I .I:I)(;I:N1}:N’I S
‘J’hc aath(m wish to thaak  (IIC Alaska SAR IFacili[y l’rc)jccl
for sapporling  lhc work dcsclillcd it) this lHtpcr.
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